A procedure to enrich for auxotrophic and fermentation mutants of Agrobacterium turnefaciens is described. The method is based on the amplification of the killing power of carbenicillin by the addition of lysozyme. Isolation frequencies of some types of mutants are presented, with and without the application of the proposed procedure. The yield of mutants is usually enhanced a hundredfold per enrichment treatment.
I N T R O D U C T I O N
The Gram-negative soil bacterium Agrobacterium tumefaciens (Smith & Towmend) Conn. has been the subject of research because it can induce tumours on dicotyledonous plants. To analyse the bacterial functions involved in tumour induction, a genetic system has to be developed and specific mutants have to be isolated. To isolate such mutants routinely a selection technique is needed. An enrichment technique for A . tumefaciens using D-cycloserine was described by Bourgin-Rosenberg, Garnier-Expert & Tourneur (1974) but they did not indicate the degree to which the yield was enhanced.
A frequently-used method of obtaining Escherichiu coli auxotrophs is based on the inhibition of wall synthesis in growing cells by the antibiotic penicillin. Prototrophs become osmotically fragile and are selectively lysed, whereas the starved auxotrophs remain unaffected (Davis, 1948; Lederberg & Zinder, 1948) . The yield depends on the efficiency with which growing cells are killed and on the degree of resistance of the starved cells to the treatment. We therefore studied the survival of starved organisms during treatment with agents promoting a high killing rate in growing A. tumefaciens. A combination of carbenicillin and lysozyme was chosen as the selective agent.
In reconstruction experiments, the survival of growing and starved bacteria in mixed cultures was determined. The efficiency was finally investigated by determining the isolation frequencies of auxotrophic and fermentation mutants with and without the application of the selection procedure.
METHODS
Bacterial strains are listed in Table I . All incubations were carried out at 29 "C. Media. Mineral medium (SM) (Schilperoort, 1969) (Hamilton & Fall, 1971) another carbon source, the same amount was used; if necessary, L-amino acids were used at 50 pglml. Nutrient broth (NB) contained (g/l): Difco nutrient broth, 8; Difco yeast extract, 5; NaCl, 5.
When required, the media were solidified by 1.8 % (wlv) Difco Bacto-Agar. Rifampicin was added to plates to a concentration of 20 pglml.
Other solutions. Citrate buffer contained 21.0 g citric acid and 8.8 g NaOHll, and was adjusted to pH 5.5 with 2 M-NaOH (Miller, 1972) . N-methyl-N'-nitro-N-nitrosoguanidine (NTG) was dissolved in citrate buffer to 1.0 mglml just before use. Carbenicillin, cycloserine and lysozyme were dissolved in distilled water shortly before use and sterilized by filtration through 0.2 pm pore-size filters.
Materials. Rifampicin, D-cycloserine, and lysozyme (egg-white, grade I) were obtained from Sigma. Carbenicillin (Pyopen) was from Beecham S. A., Heppignies, Belgium. The NTG was from Pfaltz-Bauer Inc., Flushing, New York, U.S.A.
Mutagenesis was based on the method described by Miller (1972) . Overnight cultures in NB were diluted with fresh medium to an h+666 of 0.10 (which corresponds to approximately 2 x roS organisms/ml). After growth to an &66 of 0.4, they were harvested by centrifugation (15 min, 2200 g), and the pellet was washed with, and resuspended in, citrate buffer. After dilution to h+666 = 0.10, NTG was added to a final concentration of 200pg/ml. After 3 h, when survival was approximately 3 %, the suspension was diluted twofold. The bacteria were collected by centrifugation and washed with, and resuspended in, SM supplemented with the appropriate growth factors. The mutagenized culture was incubated overnight to allow segregation and expression of mutations.
Enrichment procedure. The mutagenized cells in supplemented SM were collected by centrifugation, washed with and resuspended in SM to an of 0.10, and starved for 150 min with shaking. Next carbenicillin (0.1 ml at 10 mglml) and lysozyme (0.1 ml at 2 mg/ml) were added to 1.8 ml of the culture in a IOO ml Erlenmeyer flask. After the addition of these agents the shaking frequency was lowered to 0.5/s in a linear shaker with an amplitude of 2 cm.
After 4 h the cells were collected by centrifugation, washed with distilled water and with SM, and resuspended in SM supplemented with the necessary growth factors. After growth to stationary phase a second identical enrichment treatment was given.
Isolation of mutants. Suitable dilutions were plated on supplemented SM agar and the number of auxotrophs was determined by replica-plating of the colonies or by streaking them on to supplemented and unsupplemented SM. 
Enrichment for A. tumefaciens auxotrophs

RESULTS
The eflect of carbenicillin and lysozyme on growing and starved bacteria Wild-type A . tumefaciens ( L B A~) was not killed very efficiently by carbenicillin at concentrations up to 500 ,ug/ml. After a 4 h treatment the viable count was 25 % of that at zero time (Fig. I) . The addition of IOO ,ug lysozyme/ml to a LBA2 culture in SM had no noticeable effect on the growth rate (Fig. I) . The combination of carbenicillin plus lysozyme enhanced the killing considerably. After 4 h the viable count had dropped to approximately 0.2 % of its value at zero time (Fig. I) . Increasing the lysozyme concentration from IOO to 1000 ,ug/ml in combination with 500 ,ug carbenicillin/ml did not change the killing substantially; therefore I 00 ,ug lysozyme/ml in combination with 500 pg carbenicillin/ml was used in subsequent experiments.
For LBA32 (his rllf-r) we found a histidine starvation period of 150 min was sufficient to stop growth. When the carbenicillin and lysozyme were added after this period, the viable count remained at least 90 % after a 4 h exposure (Fig. 2) .
Reconstruction experiments
To obtain information about the effect of the carbenicillin-lysozyme treatment on a mixed population of starved and growing cells, we performed reconstruction experiments with L B A~ and L B A~ Overnight cultures were washed and mixed in SM without histidine at a ratio of prototrophs to auxotrophs of approximately 1000: I. Subsequently, two enrichment treatments were given as described in Methods. During this procedure viable l l l r Enrichment in mutagenized A . tumefaciens cultures Formerly we isolated mutants by replica-plating directly after NTG mutagenesis. In Table 3 , isolation frequencies are presented of some types of auxotrophs and fermentation mutants without and after two enrichment cycles. The data indicate that the treatment gives a considerable enhancement in mutant yield, which can be estimated as a factor of 104 after two cycles.
The use of D-cycloserine Reconstruction experiments using 2 x I O -~ M D-cycloserine (Miller, 1972 ; BourginRosenberg et al. 1974) showed that the killing of the growing prototrophs was very inefficient. After 4 h the viable count was 76 % of the value at zero time; when IOO pg lysozyme/ml was also added, this was lowered to 61 %. The cell count of the starved auxotroph L B A~ remained above 90 % in both experiments. 
